amilial hypercholesterolemia (FH), is an autosomal dominant disorder that is attributable to a mutated low-density-lipoprotein (LDL) receptor gene, and is characterized by excessively high concentrations of LDL cholesterol (LDL-C), tendon xanthomas, and premature coronary artery disease (CAD). 1 If cholesterol lowering therapy is ineffective, as it is in more than 70% of cases of heterozygous FH in Japan, the patient dies from atherosclerotic cardiovascular disease. The mean age at death is 54 years for men, and 69 years for women. 2 FH is one of the most common disorders causing coronary artery disease at the age of 40 years or less in Japan. 3 Many clinical trials have proven the efficacy of cholesterol-lowering therapy using 3-hydroxyl-3-methylglutaryl coenzyme A reductase inhibitors, statins, for the primary and secondary prevention of CAD. [4] [5] [6] [7] [8] [9] It is also recognized that the increased use of cholesterol-lowering drugs, especially statins, is associCirculation Journal Vol.69, May 2005 ated with improved cardiovascular prognosis of FH. 10 The administration of statins increases the activity of LDL receptors, 11 thus for heterozygous FH patients whose LDL receptor activity is partially impaired, statins are the most effective cholesterol-lowering drugs. Recently, statins such as pravastatin and simvastatin have been superceded in Japan by atorvastatin, which is even more effective in reducing LDL-C. However, because FH is highly refractory to cholesterol-lowering drugs, monotherapy using atorvastatin frequently fails to achieve the target concentrations of LDL-C recommended by the Japan Atherosclerosis Society, 12 the Joint Task Force of European and other Societies 13 and the National Cholesterol Education Program in the United States of America 14 for the primary and secondary prevention of atherosclerotic cardiovascular disorders.
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Bile-acid-sequestering resins interrupt the enterohepatic circulation of bile acids, resulting in the upregulation of LDL receptors on hepatocytes, especially when used in conjunction with statins. 15, 16 Colestimide, a 2-methylimidazoleepichlorohydrin polymer, is a new bile-acid-sequestering resin produced by the Mitsubishi Chemical Corporation, Tokyo, Japan (Fig 1) . Its in vitro bile-acid-binding capacity is 4-fold greater than that of the conventionally used bileacid-sequestering resin, cholestyramine. 17 In addition, the clinical use of cholestyramine is limited because of poor patient compliance, mainly because the drug has to be dissolved in water before being taken. In the present study, we examined for the first time the combined effects of colestimide and atorvastatin on lipid and apolipoprotein concentrations in Japanese patients with heterozygous FH.
Methods

Study Patients
The study population comprised of 15 patients (10 men, 5 women, mean ± SE age 54±9 years) with heterozygous FH. All of the patients fulfilled our diagnostic criteria for FH: 2, 18, 19 primary hypercholesterolemia (>230 mg/dl) with tendon xanthomas, or first generation relatives of previously diagnosed heterozygous FH patients showing primary hypercholesterolemia (>230 mg/dl). All except for 1 participant had the mutation of the LDL receptor gene. 20 The mean ± SE body mass index of the patient cohort was 24.5±2.5 kg/m 2 . Stable CAD was already documented in 10 patients (67%), and none of them had had a recent acute coronary event. None had been diagnosed with cerebral atherosclerotic vascular disease. Five patients (33%) had impaired glucose tolerance; 1 was taking hypoglycemic agents, and had glycohemoglobin concentrations <7.0%, which varied by only ±1.0% during the study period. Written informed consent to participate in the study was obtained from each patient before entry into the study, and the ethical committee of Kanazawa University Hospital approved the study protocol.
Study Protocol
All the patients were outpatients at the beginning of the study. Any lipid-lowering agents were washed-out over a period of at least 4 weeks. Subjects taking probucol were excluded because its cholesterol-lowering effects continue Fig 1. Producing a hypolipidemic effect using cholestyramine, a conventionally used bile-acid-sequestering resin, requires the administration of large doses (9-27 g) because of its insolubility in water and because of the inaccessibility of bile acid to binding sites on the drug. Colestimide is a new bile-acid-sequestering resin developed by the Mitsubishi Chemical Corporation (Tokyo, Japan). It has an imidazolium salt on an epoxide polymer skeleton and exhibits clinical pharmacological effects similar to those of cholestyramine at approximately 1-quarter of its dose. It thus has excellent patient compliance. Values are mean ± SE. for more than 12 weeks. The subjects were initially administered atorvastatin as a daily dose of 10 or 20 mg in the evening; this was increased to 20-40 mg for at least 8 weeks, if serum concentrations of LDL-C were 30% over the target concentrations indicated by the Japan Atherosclerosis Society guideline. 12 In Japan, the permitted maximum dose of atorvastatin is 40 mg/day; the mean dose administered in the present study was 32.0±8.6 mg. Colestimide (3 g) was added to atorvastatin monotherapy twice per day, before meals, once in the morning and once in the evening, for a further 8 weeks. Once colestimide treatment was started, the dose of atorvastatin was unaltered for any of the subjects throughout the remainder of the study period. Blood samples were obtained after an overnight fast at various time points during the study period.
Laboratory Procedures
Serum concentrations of cholesterol and triglycerides (TG) were determined by an enzymatic method, and highdensity lipoprotein cholesterol (HDL-C) concentrations were measured by a polyamine-polymer/detergent method (Daiichi, Tokyo, Japan). 21 LDL-C concentrations were determined by a direct method (Daiichi). 22 Serum concentrations of apolipoprotein AI, AII, B, CII, CIII, and E were determined as described previously. 23 
Statistical Analyses
Values are expressed as the mean ± SE unless stated otherwise. The effects of drug therapy on each variable were compared by means of single-factor analysis of variance (ANOVA), and then compared by the paired t-test when significant differences were observed. All statistical analyses were performed with the Stat View 4.5 system (Abacus Concepts, Berkeley, CA, USA). A p-value of less than 0.05 was considered to be statistically significant. Fig 2) Administration of atorvastatin significantly (p<0.0001) decreased total cholesterol (TC) and LDL-C concentrations, from 361 to 233 mg/dl (-35%) and from 274 to 161 mg/dl (-41%), respectively. They decreased further (p=0.0011, and p<0.0001, respectively) from the baseline levels following the addition of colestimide, to 205 (-43%) and 129 (-53%), respectively. Atorvastatin monotherapy and atorvastatin plus colestimide increased HDL-C concentrations from 50 to 53 mg/dl (+6%) and 54 mg/dl (+8%), respectively. However, these changes were not statistically significant.
Results
Serum Total Cholesterol, LDL-C, and HDL-C (Table 1,
Triglycerides (Table 1)
Atorvastatin treatment effected a significant (p=0.0454) reduction in serum TG concentrations, from 152 to 116 mg/dl (-24%). Additional use of colestimide decreased the concentrations further (to 98 mg/dl, -36%), but this change was not statistically significant.
Apolipoprotein (Table 1)
Atorvastatin treatment resulted in increases in the mean concentrations of apolipoproteins AI (10%) and AII (4%). When colestimide was administered in conjunction with atorvastatin, the serum concentrations of apolipoprotein AI did not change; the mean concentrations of apolipoprotein AII, however, decreased by 15%. Monotherapy with atorvastatin caused significant reductions in the mean concentrations of apolipoproteins B (by 37%, p<0.0001) and E (by 30%, p<0.0001). Combined treatment with atorvastatin and colestimide caused further significant reductions in the concentrations of apolipoproteins B (by another 12%, p<0.0001) and E (by another 8%, p=0.045). The mean concentrations of apolipoproteins CII and CIII were also reduced with both atorvastatin monotherapy and atorvastatin in conjunction with colestimide.
Effects of Colestimide in Patients With Hypertriglyceridemia (Table 2)
Because bile-acid-sequestering resin is known to increase LDL receptor activity via a reduction in the cholesterol concentrations in hepatocytes, it may increase the production rate of very-low-density-lipoprotein, which contains a considerable amount of TG. 16 We therefore examined the effects of colestimide on the serum concentrations of lipids and apolipoproteins in 5 patients (M/F =2/3) with FH accompanied by hypertriglyceridemia (TG ≥150 mg/dl). Administration of atorvastatin alone significantly decreased TC and LDL-C concentrations from 338 to 233 mg/dl (-31%, p=0.0035) and from 222 to 162 mg/dl (-27%, p=0.0118), respectively. Although the doses of atorvastatin administered to these patients were greater than those administered to normotriglyceridemic FH patients (38.0±4.5 mg/dl vs 29.0±8.8 mg), the rates of reduction of both TC and LDL-C concentrations were less in the former than in the latter. They decreased further (p=0.2050, p=0.0420) from baseline following the addition of colestimide, to 212 mg/dl (-37%) and 130 mg/dl (-41%), respectively. Serum TG concentrations were significantly (p=0.0004) decreased by atorvastatin treatment, from 268 to 161 mg/dl (-40%). The addition of colestimide decreased serum TG by a further 5% (to 148 mg/dl).
Adverse Events
Atorvastatin was well tolerated, and all 15 patients were given the additional 3 g colestimide treatment. None of the patients suffered any severe adverse events that caused discontinuance of colestimide, and no abnormalities in the laboratory findings were observed, including significant elevations in hepatic enzyme (aspartate aminotransferase, alanine aminotransferase, and gamma glutamyl transpeptidase) or in creatine kinase (Table 3) . Neither atorvastatin nor colestimide caused any impairment in glucose metabolism, as assessed using hemoglobinA1c (Table 3) .
Discussion
In this study, we examined the effects of combined treatment with atorvastatin and colestimide on lipid concentrations in Japanese patients with heterozygous FH. Several studies have shown that when monotherapy with a statin is insufficient, combination therapy using a statin plus another lipid-lowering-drug can be effective. 15, [24] [25] [26] [27] This is the first report to examine the lipid-lowering effects of colestimide when used with a statin. The reductions in the lipid and apolipoprotein concentrations after 4 weeks of atorvastatin monotherapy were not significantly different to those after 8 weeks, which suggested that the LDL-C lowering effect had reached a plateau at 8 weeks. Thus, we can presume that the additional 20% of LDL-C lowering was caused by colestimide. Because FH is highly resistant to therapy with cholesterol-lowering drugs, with the frequent result of death from atherosclerotic cardiovascular disorders, the development of aggressive cholesterol-lowering therapies for FH patients is crucial. Although atorvastatin is one of the most effective statins in reducing serum LDL-C, monotherapy has frequently failed to achieve the target concentrations of LDL-C for the primary and secondary prevention of atherosclerotic cardiovascular disorders recommended by the Japan Atherosclerosis Society, 12 the Joint Task Force of European and other Societies 13 and the National Cholesterol Education Program in the United States of America. 14 In the current study, LDL-C concentrations were reduced to less than 160 mg/dl by atorvastatin monotherapy in 9 (60%) and by atorvastatin plus colestimide in 14 (93%) patients (<160 mg/dl is the target concentration for the primary prevention of atherosclerotic cardiovascular disorders of patients without any coronary risk factors (Japan Atherosclerosis Society guideline category A)). On the other hand, in only 1 (7%) of the study subjects did atorvastatin monotherapy result in a reduction in serum LDL-C concentration to less than 120 mg/dl (Japan Atherosclerosis Society guideline category B3 and B4), which is the target concentration for the primary prevention of atherosclerotic cardiovascular disorders for patients with multiple coronary risk factors. However, this target concentration was reached in 8 (53%) of the subjects following the addition of colestimide. Thus, our results suggest that therapy with atorvastatin plus colestimide is suitable for the primary prevention of atherosclerotic cardiovascular disorders associated with heterozygous FH. However, serum LDL-C concentrations never reached less than 100 mg/dl in any of the study subjects, which is the target concentration for the secondary prevention of atherosclerotic cardiovascular disorders (Japan Atherosclerosis Society guideline category C), even with the combination therapy. More aggressive cholesterol-lowering therapy, such as LDL apheresis, is required to reach this target. 28 In the current study, we examined the serum lipid and apolipoprotein concentrations of patients with heterozygous FH with hypertriglyceridemia (TG ≥150 mg/dl). FH patients with hypertriglyceridemia showed lower LDL-C and HDL-C concentrations, and tended to be treated with higher doses of atorvastatin, than did normotriglyceridemic FH patients. Atorvastatin monotherapy significantly (p=0.0001) decreased serum TG concentrations in FH patients with hypertriglyceridemia. Importantly, atorvastatin plus colestimide did not increase the serum TG concentrations and significantly decreased serum LDL-C concentrations in FH patients with hyper-and with normotriglyceridemia. The conventional bile-acid-sequestering resin (cholestyramine) is known to potentially increase TG-rich lipoproteins. 29 Although there are no data directly comparing the concentrations of TG after treatment with cholestyramine or colestimide, Homma et al reported that colestimide monotherapy decrease plasma LDL-C concentrations (14.2%) without affecting plasma TG, very-low-density lipoprotein cholesterol and very-low-density lipoprotein triglyceride concentrations. 30 In an animal study, cholestyramine increased the ratio between 3-hydroxyl-3-methylglutaryl coenzyme A reductase and cholesterol-7--hydroxylase activity (1.7-2.0), which led to hypertriglyceridemia because of overproduction of very-low-density lipoprotein. 31 In contrast, colestimide did not increase that ration (0.8-1.3). 31 A potential limitation of the current study is that the study patients took different doses of atorvastatin (between 20 and 40 mg): 7 (47%) FH patients took 40 mg of atorvastatin, which is the maximum permitted dose in Japan. Ten FH patients (67%) already had a history of CAD, so they needed intensive treatment with higher doses of atorvastatin. On the other hand, 5 FH patients who were free from CAD (according to the Japan Atherosclerosis Society's guidelines; their target LDL-C concentrations were 140-120 mg/dl) had lower doses of atorvastatin. Because the focus of the current study was the additional efficacy of combining colestimide with atorvastatin, we believe that the different doses of atorvastatin did not confound the results.
In the current study, FH was diagnosed by our clinical criterion 2, 18, 19 and confirmed by genetic method in 14 of the 15 enrolled patients. 18, 19 We failed to find the LDL receptor gene mutation in 1 patient, whose baseline LDL-C concentration was almost the average for heterozygous FH, namely 262 mg/dl. Because no patient with familial defective apolipoprotein B has been reported in Japan, 32 it is possible that perhaps this particular patient might be another case of autosomal dominant hypercholesterolemia, such as PCSK9 gene mutation. 33 In conclusion, we found that colestimide produces an additional 20% reduction of serum LDL-C concentration when administered with atorvastatin. Of note, colestimide did not increase serum TG concentrations even in heterozygous FH with hypertriglyceridemia. Thus, we conclude that when monotherapy with atorvastatin is insufficient to treat severely hypercholesterolemic patients, LDL-C can be further reduced by the coadministration of colestimide.
